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Abstract—Objective: To compare patients with diabetes and  foot history, diabetes severity, and comorbid conditions. There
new onset foot ulcerstreated in Veterans Health Administration ~ was considerable variation in treatment of diabetic foot ulcers
(VHA) and non-VHA settings. Methods: The treatment of between VHA and non-VHA care. Yet this variation did not
patients with new onset diabetic foot ulcers was prospectively  result in statistically significant differences in ulcer outcomes.
monitored in three VHA and three non-VHA hospitals and out-

patient settings until ulcer healing, amputation, or death. Key words. amputation, diabetes mellitus, diabetic foot, foot
Results: Of the 302 individuals enrolled in this study, 47% were  ulcers, treatment, wound healing.

veterans receiving VHA care. There were no significant differ-

ences between veterans and nonveterans in baseline wound

classification, diabetes severity, or comorbid conditions. |NTRODUCTION

Veterans received significantly fewer sharp debridements, total
contact casts, and custom inserts than their nonveteran coun-
terparts, and they had significantly more x-rays, local saline

irrigations, 1V antibiotics, and prescriptions for bed rest. The .
percentage of amputations was higher in veterans but did not increased to 17 percent, more than double the prevalence

achieve statistical significance. Conclusions: Many commonly |1 the general population (1). Persons with diabetes have
held stereotypes of veteran men were not found. Veteransand WO to four times the risk of coronary artery disease,
nonveterans with foot ulcerswere similar interms of healthand ~ Stroke, and premature mortality than do people without
diabetes (2). People with diabetes are also at increased
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The prevalence of diabetes among veterans receiv-
ing Veterans Health Administration (VHA) care has
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their lifetime (4-6). Foot ulcers impact the individuals
functiona status and quality of life and can lead to ampu-
tation. Optimal treatment of diabetic foot ulcers has been
reported to include a multidisciplinary team, glycemic
control, nutritional support, offloading strategies, treat-
ment of infection, ensuring adequate blood flow, ade-
guate debridement, topical wound care, and education
(7). The extent to which these practices are routinely
employed in treating ulcer patients in inpatient and out-
patient settings is not known.

A VA case-control study identified that foot ulcers
preceded 84 percent of lower limb amputations in per-
sons with diabetes (8,9). In VHA facilities between 1989
and 1998, there were 70,200 lower limb amputations. The
major indication for these amputations was diabetes
(63 percent) followed by atherosclerotic vascular disease
(23.6 percent) (10). While there has been a reduction in
amputations in veterans without diabetes during this
decade, similar progress is less evident in veterans with
diabetes. Treatment and outcomes for diabetic ulcers has
received little research attention in the VHA. Therefore,
the purpose of this paper is to describe characteristics,
treatments, and outcomes for VHA and non-VHA
patients with new onset foot ulcers.

METHODS

This prospective study was conducted at three VHA
hospital and outpatient facilities (one each in the north-
west, southwest, and southern US) and three non-VHA
inpatient and outpatient facilities (one each in the south-
ern and north central US and Switzerland) between
October 1994 and April 1996. Research assistants (RAS)
at al sites were trained on the standardized study proto-
col, data collection methods, study instruments, and com-
puterized data entry programs. At each study, site
investigators and RAs devel oped and maintained an inpa-
tient and outpatient surveillance network to identify eli-
gible patients.

Eligible patients were aged 40 to 85 years, reported
a history of diabetes documented in medical records, and
presented with one or more untreated foot lesions result-
ing in functional interruption of the cutaneous barrier at
or below the malleoli. Data were collected on up to three
ulcers per patient, though analysis is based on the most
severe ulcer. Patients were excluded if lesions were
superficial, above the malleolus, secondary to surgery,
required surgery within 72 hours of presentation, or if

they had made two or more outpatient visits for care of
the lesion. Patients were also excluded if they refused
surgery for the lesion, planned foot care outside the study
facility, or could not provide informed consent.

At enrollment RAs observed and documented the
foot care provided by clinicians. The study did not
impose treatment protocols; rather RAs recorded the rou-
tine treatment practices of clinicians. Data collection
included demographic, health, diabetes and foot history,
patient function, activity, and quality of life. Lesionswere
photographed and scored for severity using the Seattle
Wound Classification System (11). (Categories 1-3 rep-
resent superficial, nonulcerated minor lesions, preulcera-
tive soft tissue infections, and partial thickness ulcers;
categories 46 represent full thickness ulcers, and cate-
gories 7-9 represent ulcers with involvement of tendon,
ligament, joint, capsule, bone, infection, and gangrene.)
At each follow-up visit, RAs were present to character-
ize, measure, and trace the patient’s lesion; document the
foot care provided; and report healing progress. All
patients were followed until one of three outcomes
occurred: healing, amputation, or death.

This descriptive analysis utilizes data on the most
severe foot ulcer enrolled, covering the ulcer episode
from baseline to resolution. Data were analyzed using
SAS (12). Frequencies were computed for al study vari-
ables. Statistical comparison of categorical variables
between VHA and non-VHA users used chi-square test
statistics and two sample t-tests. All tests were two-tailed
and used a significance level of p<0.05.

RESULTS

There were 302 consecutive patients who met study
eligibility criteria, 142 veterans (47 percent) and 160 non-
veterans (53 percent). Table 1 showsthe average age was
of borderline significance between veterans and nonvet-
erans (63.3 years versus 60.7 years). A higher proportion
of veterans were male (99.3 percent versus 53.8 percent).
A significantly lower proportion of veterans than nonvet-
erans were Caucasian, and more veterans were Hispanic
(36.6 percent versus 23.1 percent), in part because two
VHA facilities were located in the southern/southwestern
US. A higher but not statistically significant proportion of
study veterans than nonveterans were married or living
with a significant other.

The self-care practices of veterans and nonveterans
showed no significant difference in average body mass



311

REIBER et al. Diabetic foot ulcer patients

Table 1.
Baseline demographic and clinical characteristics of veteran and nonveteran participants in the Diabetes Ulcer Outcome Study.
VHA Non-VHA Total
patients patients population
(n=142) (n=160) (n=302)
Demogr aphic findings
Average age (years) 63.319.4 60.7+13.7 61.9+11.9
% Male 99.3 53.8 75.1
Race/ethnicity
% White (non-Hispanic) 50.7* 68.1 59.9
% Hispanic 36.6 231 29.5
% All other 12.7 8.8 10.6
% Married/living together 56.0 525 54.2
Self-care findings
Average HbA, 8.69+2.0 9.32+2.2 9.03x2.1
% Daily blood glucose self-monitoring 56.3* 34.4 44.6
Assistant with foot care**
% Spouse or living companion 48.2 39.0 43.3
% Family or friend 20.7 26.4 184
% None 34.7 30.7 337
% Daily foot exam 77.8 66.9 72.0
Smoking**
% Current smoker 19.9 20.1 20.0
% Ever smoked 75.9 54.7 64.7
% Never smoked 24.1 453 35.3
Past year alcohol use
% All other 12.7 8.8 10.6
% None 67.4 57.9 62.3
% <=1-5 drinks per week 28.3 32.7 291
% >=6 drink/week (heavier) 35 94 6.7
Health history findings
Diabetes type
% type 2 diabetes 81.5* 66.9 73.7
% type 1 diabetes 6.7 11.7 9.34
% Unsure 11.8 21.4 17.0
Diabetes duration
% 0to 5 years 17.0 15.7 16.3
% 6-15 years 37.8 35.3 36.4
% 16 or more years 452 49.0 47.2
% Sensory neurotherapy symptoms 72.8 67.5 70.0
Lower limb health history**
% Prior leg or foot ulcer 63.4 56.2 59.6
% Prior peripheral vascular bypass 17.8 117 145
% Prior lower limb amputation 359 275 315
Severity scores
Average diabetes severity score 2.0+1.2 1.8+1.2 19+1.2
(Range 0-6)
+Average comorbidity score 0.39+0.7 0.34+0.6 0.36+0.6

* Chi-square or t-test p<0.05 for comparison between VA and non-VA patients
** Categories not mutually exclusive or exhaustive

index. Veterans averaged lower glycemic levels (HbA )
than nonveterans, and significantly more veterans report-
ed daily self-blood glucose monitoring than nonveterans
(66.3 percent versus 34.4 percent). Veterans were more

likely than nonveterans to receive assistance with their
foot care from a spouse or significant other, though this
finding was not statistically significant. While this was
also the chief source of foot care assistance for
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nonveterans, 26 percent of nonveterans also received care
from family and friends compared to 21 percent of veter-
ans. Veterans conducted more daily foot exams than non-
veterans, although this difference did not achieve
statistical significance. While there were no differences
in current smoking practices, significantly more veterans
had a smoking history than nonveterans (75.9 percent
versus 54.7 percent). A majority of both veterans and
nonveterans regularly consumed no acohol in the past
year, and there were fewer heavy drinkers comparing vet-
erans to nonveterans (3.5 percent versus 9.4 percent).
Self-reported health history findings in Table 1
show a significantly higher proportion of veterans had
type 2 diabetes than did nonveterans (81.5 percent versus
66.9 percent). Of nonveterans, 21.4 percent were unsure
of their diabetes type, compared to 11.8 percent of veter-
ans. There was no statistically significant difference
between the VHA and non-VHA patients in self-reported
sensory neuropathy. Compared to nonveterans, veterans
had a higher frequency of prior leg or foot ulcers (63.4
percent versus 56.2 percent), peripheral vascular bypass
procedures (17.8 percent versus 11.7 percent), and prior
lower limb amputations (35.9 percent versus 27.5 per-

cent). These differences were not statistically significant.
Scores measuring six diabetes complications and three
serious comorbid conditions showed no significant dif-
ferences between groups.

Table 2 shows the only statistically significant dif-
ference in physical foot findings between veterans and
nonveterans was in fungal toenail disease (63 percent
versus 33.8 percent). Over three-fourths of the study par-
ticipants were insensate to the monofilament and 25 per-
cent of all participants had one or more foot deformities.
Pitting edema was observed in 35 percent to 45 percent of
study participants.

The ulcer site in one-fourth of the veterans and one-
third of nonveterans was the plantar midfoot. A signifi-
cantly higher proportion of ulcers was located on the
dorsal toes in veterans compared to nonveterans (36.6
percent versus 21.3 percent). Ulcers were classified by
the Seattle Wound Classification and grouped by severity
into categories 1-3, 46, 7-9. There were no significant
differences for ulcer severity between veterans and non-
veterans.

The diagnostic and treatment variations between
veterans and nonveterans are presented in Table 3. This

Table 2.
Baseline foot characteristics in Diabetes Ulcer Outcome Study patients.
VHA Non-VHA Total
patients patients population
Variable (n=142) (n=160) (n=302)
Foot observations, %
Insensate 5.07 monofilament 78.9 785 78.6
Bunion present 20.9 14.8 17.6
Hallux limitus present 25.6 24.2 24.8
Fixed claw toes present 14.2 20.1 174
Charcot collapse 20.9 14.8 17.6
Pitting edema of foot or leg 45.0 35.6 40.0
Fungal disease of toenails 63.0* 33.8 475
Paronychia 29 13 20
Ulcer location, %
Plantar midfoot 25.3* 35.6 30.8
Dorsal toes 36.6 21.3 285
Plantar toes 17.6 28.1 232
Dorsum 16.9 5.6 10.9
Heel 35 9.4 6.6
Seattle wound classification, %
Classes 1-3 14.8 18.1 16.6
Classes 46 64.8 56.9 60.6
Classes 7-9 20.4 25.0 22.8

* Chi-square or t-test p<0.05 for comparison between VA and non-VA patients
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Table 3.
Diagnostic and treatment practices ever used during the first Diabetes Ulcer Outcome Study episode.
VHA Non-VHA Total
patients patients population
(n=142) (n=160) (n=302)
L esion assessment +
% Radiography 59.4* 46.3 52.4
% Culture pre- or postdebridement 394 30.6 34.7
Wound cleansing debridement +
% Local sdineirrigation 40.9* 26.3 329
% Betadine 35.7 26.9 30.8
% Soaking 26.6* 38 13.8
% Whirlpool 3.1* 13.3 8.6
% Sharp debridement 79.9* 91.9 86.3
Antibiotics +
% Oral 62.6 59.5 60.9
% Intravenous 38.2* 24.7 310
Dressings + 17.6 28.1 232
% Soft dressing (gauze, kerlix, etc.) 86.6 89.4 88.1
% Hydrogels 14.8 11.3 129
% Alginates 141 175 15.9
% All other 32.4* 13.8 225
Offloading strategies +
% Off-the-shelf inserts 14.8 13.1 139
% Custom inserts 35.2* 475 417
% Therapeutic shoes 275 36.3 321
% Custom shoes 24.7 26.3 255
% Healing shoe or sandal 49.3 43.8 46.4
% Bivalve and other boots/casts 16.9 238 20.5
% Total contact cast 6.3* 175 12.3
% General cushion/minimum off-loading 14.1 13.8 139
% Bed rest 39.4 225 30.5
Assistive devices +
% Cane 19.0* 29.4 24.5
% Crutches 17.6 219 19.9
% Walker 9.2* 238 16.9
% Wheelchair 29.6 38.8 344

* Chi-square or t-test p<0.05 for comparison between VA and Non-VA patients
+ Categories not mutually exclusive or exhaustive

table describes inpatient and outpatient diagnostic and
treatment practices ever used during the ulcer episode.
Radiography was used significantly more often to assess
lesionsin veterans than in nonveterans (59 percent versus
46 percent). Veterans' lesions were cultured more often
pre- or postdebridement than were lesions in their non-
veteran counterparts. Wound cleansing and debridement
strategies showed significant differences between the
study groups. Veterans were significantly more likely to
have their wounds irrigated with saline and have a pre-
scription for soaking than were nonveterans. Veterans
were significantly less likely to receive whirlpool treat-

ment (3.1 percent versus 13.3 percent) and sharp debride-
ment (79.9 percent versus 91.9 percent) than were
nonveterans.

Intravenous antibiotics were prescribed significantly
more often for veterans than for nonveterans (38.2 per-
cent versus 24.7 percent), even though the frequency of
hospitalization was similar between groups. There were
no significant differences between use of gauze and ker-
lix dressings, hydrogels, and alginates. When nonstan-
dard dressings were grouped, they were used
significantly more often with veterans than with nonvet-
erans (32.4 percent versus 13.8 percent).
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Offloading weight strategies prescribed at any time
during the ulcer episode showed significantly fewer cus-
tom inserts (35.2 percent versus 47.5 percent) and total
contact casts (6.3 percent versus 17.5 percent) in veterans
compared to nonveterans. However bed rest was pre-
scribed significantly more often for veterans than for
nonveterans (39.4 percent versus 22.5 percent). Assistive
devices were prescribed for many individuals.
Nonveterans received significantly more canes and walk-
ers than veterans and were more frequently prescribed
crutches and wheelchairs, although these latter findings
were not statistically significant.

Table 4 describes the inpatient and outpatient health
care utilization revealing that 37.8 percent of veterans
and 34.4 percent of nonveterans were hospitalized at |east
once. The proportion of veterans hospitalized two or
more times was 9.6 percent compared to 7.5 percent in
nonveterans. The average number of outpatient visits was
5 in veterans and 4.8 in nonveterans.

There were no statistically significant differencesin
ulcer outcomes or time to outcome. Table 4 shows heal-
ing was achieved in 81 percent of study patients. There
were 15 patients (5 percent) who died prior to ulcer reso-
lution. In al cases deaths were unrelated to the foot
ulcers. Amputation frequency was higher, though not sig-
nificant, in veterans than in nonveterans (18.3 percent

versus 10.6 percent). Of the amputations performed, the
frequency of minor amputations was higher in veterans
than in nonveterans (89 percent versus 77 percent).

DISCUSSION

This multisite study compared patient treatments
and outcomes between 302 veterans and nonveterans
with diabetic foot ulcers who were prospectively fol-
lowed in inpatient and outpatient facilities during an
entire ulcer episode. Despite veterans' reputation for high
disease comorbidity and disease severity, study veterans
and nonveterans were similar in terms of demographics,
health history, lesion characteristics, diabetes severity,
and disease comorbidity. No significant differences were
observed between ulcer outcomes and time to outcome
by veteran status. Many veteran stereotypes were not
observed in this study population. For example, veterans
had better glycemic control, improved self-blood glucose
monitoring, a low frequency of drinking, and support of
a spouse, family member, or friend to assist in foot care.
The notable demographic and health history exceptions
were the high proportion of males and persons with type
2 diabetesin the VHA population. Less than 10 percent of
veterans are females, therefore males comprise the vast

Table 4.
Health care utilization and outcomes for foot ulcer patients in the Diabetes Ulcer Outcome Study.
VHA Non-VHA Total
patients patients patients
(n=142) (n=160) (n=302)
Health care utilization
% Inpatient care 37.8 344 36.4
Hospitalizations
% One 28.2 26.9 27.4
% >=Two 9.6 7.5 8.4
Average number of outpatient visits 5.0¢5.2 4.8+4.4 4.9+4.8
Outcomes
% Healed (n=244) 76.1 85.0 80.8
% Amputation 18.3 10.6 14.2
% Minor 89 77 83.7
% Major 1 24 16.3
% Death (n=15) 5.6 4.4 5.0
Average weeks to healing 10.9+10.5 10.6%£13.6 10.7412.3
Average weeks to amputation 11.6+16.4 13.84£15.1 12.5+15.8
Average weeks to death 12.8+8.5 18.2+15.4 15.3+12.1
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majority of veterans. Diabetes mellitus is an exclusion
criterion for military enlistment, thus the only military
discharges in persons with type 1 diabetes are in those
developing type 1 diabetes after military enlistment.

Veterans had lower blood glucose levels than non-
veterans. However, the average HbA ;. levels even among
veterans (8.7 percent) was still above the American
Diabetes Association recommended level (13). The sig-
nificantly higher frequency of self-blood glucose moni-
toring among veterans may have contributed to their
improved glycemic control compared to nonveterans.
Guidelines for management of patients with diabetes
were developed by the Veterans Health Administration
and encourage providers to work with patients to individ-
ualized glycemic goals based on life expectancy, pres-
ence of microvascular complications, and family history
of microvascular complications (14). Elevated HbA . lev-
els have been associated with increased risk of amputa
tion in several analytic studies (15-17).

While nonveterans had a higher frequency of plantar
midfoot and plantar toe lesions, veterans had more dorsal
toe and dorsal foot lesions. There may have been differ-
ences due to shoes worn by men and women. Lesion site
may contribute to the differences observed in offloading
weight strategies since different modalities are employed
depending on whether the lesion is located on a weight-
bearing area. Offloading weight and/or removing pres-
sure is indicated for virtually all foot ulcers, but there is
little agreement on optimum strategies to achieve this
goal.

The more frequent use of total contact castsin non-
veterans is expected in part since total contact casts are
not indicated for dorsal lesions. In addition, availability
and expertise required using total contact casts varied
widely across study sites. Some providers consider canes
and walkers “offloading devices,” however, there is no
agreement on the effectiveness of these assistive devices
for offloading weight. These strategies were used signifi-
cantly more often in non-VHA than VHA sites.

Radiography was used significantly more often at
VHA than non-VHA sites (59.4 percent versus 46.3 per-
cent). The American College of Foot and Ankle Surgeons
recommends an initial imaging study for detection of
osteomyelitis, osteolysis, fractures and dislocations in
neuropathic arthropathy, and calcification in medium and
small vessels or with soft-tissue gas (18). The high fre-
guency of x-rays may accompany the increased use of IV
antibiotics at VHA sites even though there were no sig-
nificant differences between VHA and non-VHA patients

REIBER et al. Diabetic foot ulcer patients

in wound severity. Other explanations for higher numbers
of x-rays include practice style, academic versus nonaca-
demic setting, and time since completion of medical
training.

Soaking and whirlpool treatments are controversial.
Some research recommends against these therapies in
persons with diabetes due to the increased likelihood of
tissue maceration and spread of infection. However, 25
percent of VHA patients and 4 percent of non-VHA
patients were exposed to soaking and 13.3 percent of
non-VHA and 3.1 percent of VHA patients received one
or more whirlpool treatments.

All wounds are colonized with potentially pathogen-
ic organisms; thus the diagnosis of infection in a foot
ulcer is based on clinical rather than microbiological cri-
teria(19). Pre- and postdebridement cultureswere used in
35 percent of study patients overall. These cultures could
assist in antibiotic treatment choices or could confound
treatment by isolation of nonpathologic, superficial bac-
teria There was a significant difference in use of 1V
antibiotics between VHA and non-VHA patients. 1V
antibiotics would be expected in the treatment of limb-
threatening infections. Since the ulcer classification, fre-
guency of hospitalization, and number of hospitalizations
were similar between veteran and nonveteran groups, this
finding is not easily explained. There was no significant
difference in the use of oral antibiotic between VHA and
non-VHA sites and the combined use over the ulcer
episode was approximately 60 percent. The ADA
Consensus Development Conference on Diabetic Wound
Care suggests that antibiotic therapy in noninflamed neu-
ropathic ulcers is associated with increased cost of care,
potential adverse effects, and an increased likelihood of
microorganisms developing resistance; thus the prophy-
lactic use of antibioticsfor noninfected lesionsis not sup-
ported (19).

Based on the evidence used for the ADA Foot Ulcer
Consensus Panel, the panel concluded there was no sig-
nificant benefit in velocity of diabetic foot ulcer healing
by dressing type (19). The standard soft dressing (gauze
and kerlix) was used by approximately 88 percent of par-
ticipants. Variation in other dressing types was expected
as different dressings are indicated at different times dur-
ing the wound healing cycle. Dressing selection is guid-
ed by wound type, drainage, patient factors, and costs.
Veterans did use significantly more nonstandard dress-
ings than nonveterans (32.4 percent versus 24.7 percent).

The diabetic patient with a prior history of foot
ulcers is at risk for ulcer recurrence. In this study,
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approximately 60 percent of ulcer patients reported a
prior foot ulcer. Foot ulcer recurrence was assessed in a
study by Mantley comparing patients with an initial foot
ulcer and two ulcer recurrences to diabetic patients who
had only one ulcer and no recurrences over a two-year
interval. He reported greater peripheral sensory neuropa-
thy and poor diabetes control in the ulcer recurrence
group. Members of the ulcer recurrence group waited
longer from observing a foot ulcer to seeking care, had
higher glycemic levels, and consumed more alcohol than
their counterparts without ulcer recurrence (20).

There are several potential limitations to this study.
The number of study participants, 302, is not large and
may have limited our ability to detect the impact of treat-
ments on ulcer outcomes. The Seattle Foot Ulcer
Classification was used to estimate foot ulcer severity
(12). Foot ulcer classification schemes are imperfect and
difficult to apply uniformly. Simple classification
schemes that predict outcomes are needed.

In conclusion, foot ulcers and amputations are a seri-
ous public health and clinical problem. A wide range of
treatment modalities is available for their management
(7,19,21). The differences in patient demographics,
health history, and treatments in VHA and non-VHA
patients were not significantly associated with differ-
ences in ulcer outcomes. Additional randomized clinical
trials are needed with larger numbers of patients to deter-
mine the most effective combinations of preventive and
treatment strategies to protect the lower limbs of veterans
and nonveterans with diabetes.
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